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A. ABstrqpt,

xperimentul dstermination of the impedance characteristics of a
cut-off "ideal" parallal plane diode and an analysis of the results obtalned
have dermons:rated the importunce of the oharacteristics of the oxide coated
cathode ou tube behavior at high frequencies, Based upon the fundamental
field equation and ruided by the erperimental results, the impedance cf the
oxide coating has buen derived. The analysis shows theat the impedance
proverties of the coating are governed by the effective c&gductivity, the ////
effective dielectric constant, and tho effsctive Maxwell "time of rolaxation

of the coating, These are properties influenced by the chewical composition{ﬁ;?\

of the coating and its physical characteristics as well as{terperzlure end X[ (
frequency of opemation. Sugrestions as to furthor exporimentation are glven
as well as some discussion on tie influence of the impedance of the oxide

coating on the impedance properties ol tubeaq\

B. Impedance Equatious

l. Oxide Coating, Impedance

As a starting point in describing the behavior of the cxide coating
we assume that for plane waves harmonic in time, the fundamental equation
mvy be applied:

I = (Ger juw EeE,

whare

I is tho total current density in ampores per unit area @entimoterg?
E is the electric field intensity in wvolts per centineter.

6 o is the effective conductivity in mho par centireter.

£ o is the affoctive dislect.ic conetant in farad per centimeter

&I is the angular velocity in radians por second.

Let t be the thickness of the oxide coating, then if V is the a-c voliuge
appearing across the coating,

E = -~ (2)
t

Therafore v
I = {Ge+ Jjws &¢) - (3)

t

Thus the orxide coesting impedance becomess
v t

I ¢ Ce+t Juw &£,q° (4)
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6-' , (UE()
2o~ z 7 |t -J 3 — t ()
6.0 + E'G Ce + w0 &£y

2, Cut-0{f Diode Impeodance

Assume an ideal parallel 'plune diode having an oxide coated
cathode operating with a highly negative voltage between the anode and the
cathode. Neglectinpg the influence of the electrons in the virtual cathode
and the impedance of any blocking layers in the oxide cathode we cun write
for the impedance o! the cut-off diode:
- - - 2 £ C
ME R Ry 62-o Rl L ol ()
w € * 6, e o Lo * G

—

Zd-

Jwc

where C is the ocapacitance between the anode and the surface of the coating,
Bquation (6) shows thatthe impedance contains, in addition to a capacitive
component, a real component of impodance,

Two extrome cases ars of interest: In the first case the period
of the test frequency is much greater than the effective Maxwell "time of
relaxation”

(1, = .5.2) Thus wée (1 (7)

© e

In this case the conduction current greatly predominates over the displacement
current and BEq. (6) simplifies to?

2
t w o C
zd = .._——-j-_ 1 + —-——-—T—-—-t ° (8)
§o O §e

In the other extreme case the period of the test frequency is ruch less than
the relaxation time and

Lce vy, (9)
Ge

For this case the displacement ourrent predominates over the conduction
current. and Eq. (6) can be written ase

6 i I, °©
Z, = — Tt o1 e — ). (10)
w &, we Ee '

Both Bqe. (8) and (10) are subject to the assumptions made regarding Eq. (6).
Por » diode having Iinite series leasd inductances, an inductive resctive
conpornnt must be added to Egs. (6), (8), snd (10).

-
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C. (Cut-0ff Diode Impedance Measureronts

Some proliminary measuroments were rade by tho authors cn the Lype
599 Liphthouse diode wr.ich illustrate, in a paneral way, the validity of the
equations given in the preceding section., As can be sven from the gketch
of the diode, stiown in Fig. MiI-10798, the tube is to a fair degree of
accuracy an ideal parallel plane diode naving very small lead inductances.
The test data wers taken at a frequency of 200 mc/sec. using the test
circuit given in Fig. MI-10799,.

Due to an uncertainty of the oxact value of C in Eq. 6 and the
stall influence of the lead inductances only the real component of the
neasured cut-off diode impedsnce iz studied. A typical calculation of this
component, from the experimental data, is pivon in the AppeudiX,

l. Real Component as a Function of Catnodo Coating Thickness

Fig. MRI-10800 shows an experimentally deteruined curve ol the real
corponent of impodance of the cut-off diods, at 200 mc/sec., ag a function
of oathode conting thicknoss., Esch point represents en average of 3 or rore
tubes having catnodss sprayed to the specified nominal coating thickness and
density, Since the curve shows an approximate straipht line relationship,
the broad aspects of the assumptions regarding the negligible influenco of
the electrons in the virtual cathode and impedances of blocking layers in
the oxide cathode are justified at 200 mc/%eco

2. Real Component as a Function of Heater Voltage

Fige M1I-10801 shows an oxperimentally determined curve of the
real component of 200 mc/sec. impedance of the cut-olf diode as a function
of heater voltage, These results show that at low heater voltages the real
component is very small but increnses to & maximun as the heater voltage is
increased and then decreases again to a low value upon further increass of
the heater voltare, This is to be expected, since for semiconductors, the
following equatioxﬂfpplxes approxinately:

5; = AeBT (11)
wnere T is the absvlute terperature of the cathode coating and A and B are
constants, or slichtly temperaturs dependont constants. It is evident that
at the low heater voliuges €% is very small so that &/ Gg is larce,
Thus Eq. (12) is valid and the real component increases with increasing
cathode coating conductivity (keater voltage). At the higher heater voltages
§ ¢ becones large and &4/ G smalle Eq. (8) then applies and, for this
case, tho real component decreases with increasing conductivity (heater
voltape). For intermsdiate values of heater voltage the relaxation time is
of the sane order of maznitude as the period of the test frequency and the
complate sipreassion riven by Eq. (6) must be used. An inspection of this
equation shows inat, as a function of G—é, & maximum value should occure
These expaected results are broadly confirmed by the exporimental results
shown in Fig. MitI-10801.
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D. Notes tegarding Further Experimentation

The experiments rur have bouen exploratory in nature, having, scerved
the purpose of verifying the coat.ng impedance equation in its broad sense.
Inproveme:ts in the experimentation have suppested thersolves and are discussed

o

briofly balow,

It is ovidont that for accurate dotorminutions of G, <4 und Ty
it is essential to use a diodo having no lead induc'.ances,knewn snode to
cathiode spacing so that G, in Rq. (6), can be calculated, It would then be
pogsidle to obtain the coating impedance by subtructing (1/jcsc) from the
oxperimontally deternminred cut-off diodo impedance. Since tho ratio cf the
iraginary to real component of tnis impedance is rivan by

€e
ws‘e

Tan 69 -

(12)

whore @ is the irppedancs aurle, the velues of 6§, and E, are roadily
detormined from Bq. (5). The results of course, are subject to the
assunptions mede in deriving Eqs. (5) and (6).

A second method which could bte developed would bs an elaboration of
the adjustable andde=oathode spacing diode used in studies of the cathcde
codbting interface characteristios.® In this case tae anode could Le adjusted
to contact the surface of the cathode coating, after the normal activation
procedures are complete and Eq. (5) could then be applied directly. In order
to eliminate thermal gradienta in the coating which might cause errors in the
axparimental results it would Le desiralle to heat the ancde by means of an
auxiliary hsater, until the temperature of the anode oqualed, or differed from
by & specified amount, the temperature of the cathode base retal,

In either method, if lsad inductarces are nresent, their influences
ar3 readily corrected for.

B. Conclusions

Fron cousiderations of the field equation for plane waves harmonic
in time an spyprexirate expression tor the high frequency impedance of tno oxide
eoating is derived here and experiments have bsen performed which, at least
in an approxinate manner, varify the validity of the assumptions rade., Since,
in tubes havinp, oxide cathcdes, both displacement und conduction curronts must
flow through the coating in order to reach the catnode bass wmetal, this ceating
irpedance nust be sccounted for in calculations of tetal tube impedance, As a
particular exanple, theo influence of the couting impedunce on the impedsnce of
a cut-oft ideal parullsl plane diode has been studieds Extensions to other
modes of oparation and tube types are obviously possible,
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Although the experimental ;esulis wers of a preliminary nature, the
following estimates of the orlor of nagnitude of tne effective conductivity,
dielactric constant, and "time of relaxation" are of interests

6 « 107° to 107 muo/om,
-}

e

2 20 x 107M rarnd/ome
£ R

= = Tr = 10 - 10-9 30C,
o

2

These apply for tne icllowing conditionsg

Catirode coatingt +triple carbonates.

Cathode buse metal: Grude A nickel.

Cathode coatinr -density: 1.8 = 1.8 grm./cubic cme (nowinal)
Cathode temporature: 10209k

Tos: fraguency: 200 i /sec,

Refinements of tiec hecaniques used promise to be usefnil in making accurate
determinations of G5, €4, and Tr ac u funclion of catnode matarial, cathcde
terperature, and frequency of operation. The preliminary resulis already
obtained nave indicated that ocathode soray density markedly efflects the velue
of Tr,

A sipgnificart cencluslion to bLe derived frecm the experimggtntion
is that the high resistance known to exist at the inserface rogiou°’2t3 of
the Grude 4 nickel cathode does not appear to be pressut in the experimentally
detoermined coating resistance., This is undoubtedly dus to the relatively
large capacitancs which shunts the blocking layer resistance (i.e. an offective
iargp "time of relaxation™) ceusing the blocking laysr 4c have a very low

cepacitive resctarcs at 200 mc/sec.

It is also interesting to note the important role played by the
dielectric cous%ant and the "time of relaxation". While nany refercnces on
the conductivity charactsristics of the oxide cathode have appeared in the
litersture, nu references, in the xnowledge of tne writers, havz been nuds
to thase two importent propercies,

Further analysis and experimentation on the behavior of tubes having
oxide cathodes at hiph frequencies arc under way as part of a thesis program
of one of the authors, for tne degree of doctor of electrical enginecring.
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L4
Appendix

Since the general methods ol mearuring impedances using u Q uetser
are well known, the following caloulations are presonted in a condensed form.

To deterwine Lhe raalcomponent, for Qfs pgreutor than 10, wo haves

cC+C 1 Q, -
1 1° % (13)

where r Ls the renl component of Eq. (6).
o is the capacitive component of kq. (6), furads.
W is 27 x test frequency, (cps). ~
Ql is the § of the Q moter with the unimown impeduance (cathodo not heated).
Q2 is the Q of the Q meter with the unknown impedance (cathode heated).

Typicnl calculation:

Pilanent veltage = 6.3 volts,

£ = 200 mc/nec.

Q1 - 245,

Q2 - 85,

C, + C, = 17.5 uuf,

T%tal %node—cathOdo cupacitance = 2,7 uuf.

Stray capacitnance 2 1,0 uuf,

C = 2.7 =10 =» 1,7 uuf,

cathode area = 0.33 cm.2

¢athade thickmess =2 3 x 10°° inches,

Catnode coating density » 0.8 gms./cm.

Calculated value of r, agplying Eq. (19}
17,5 10 , 245 - 85 1

(1,7)° 21 - 200 245 + 85 0,33

a 31,5 ohxns/'smo2
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